The aim of the present study is to show the influence of different input parameters such as machining, surface finish & mec hanical properties during the turning Process of Vanadium steel. The microstructure, hardness and tensile strength of Vanadium steel a re investigated in this study. The selected three input parameters were varied at three levels. On the analogy, nine experiments were perfo rmed based on L9 orthogonal array of Taguchi's methodology, which consist three input parameters. Analysis of variance (ANOVA) wa s employed to find the levels of significance of input parameters.
Introduction
Turning is a method that can be used to remove unwanted material from steel in order to get its required shape and size. Turning process is defined as machining of steel with hardness greater than 207 BHN. The temperature generated during turning is substantially higher when compared to conventional machining. Turning is a machining process to produce parts round in shape by a single point tool on lathes. The tool is fed either linearly in the direction parallel or perpendicular to the axis of rotation of the work piece, or along a specified path to produce complex rotational shapes. The primary motion of cutting in turning is the rotation of the work piece, and the secondary motion of cutting is the feed motion. 
Background
Turning has emerged as a viable alternative to grinding for fi nish machining of steels. Steel is widely used in manufacturi ng components such as gear, bearing, tools and die (Kalpakji an and Schmid, 2006). Its properties of high wear resistance, good corrosion resistance and high surface finish have result ed in this material to be used in producing the components m entioned. Hard turning is performed on materials with hardne ss within the 45-68 Rockwell Hardness range using a variety of tipped or solid cutting inserts. Although grinding is know n to produce good surface finish at relatively high feed rates, hard turning can produce as good or better surface finish at si gnificantly higher material removal rates (Huddle D., 2001). Grinding has traditionally been used to finish machine harde ned steel. The technique has some limitations: it is time cons uming and only limited range of geometries can be produced. The development of advanced cutting tool materials has led to the improvement in the cutting process of hardened steel. Studies have shown that using the right combination of insert nose radii, feed rate or the new insert technology, hard turni ng can produce better surface finish and less tool wear than g rinding.
Cutting Conditions in Turning
Cutting speed in turning V in m/s is related to the rotational s peed of the workpiece by the equation:
Where D is the diameter of the workpiece, m; N is the rotatio nal speed of the workpiece, rev/s.
One should remember that cutting speed V is always a linear vector. In the process planning of a turning operation, cutting speed V is first selected from appropriate reference sources or calculated as discussed in Section 5.10 Selection of Cuttin g Conditions, and the rotational speed N is calculated taking into account the workpiece diameter D. Rotational speed, not cutting speed, is then used to adjust lathe setting levers. When using this equation, care must be exercised to assure th at the units for V are consistent with those for f and d.
Literature Review
In this chapter, review of relevant literature explaining vario us factors affecting, material removal rate, surface roughness during finish hard turning has been made. The salient featur es of the most relevant research works are reported in the foll owing text.
Patel et al [2014]
explains in his paper that Alloy Steel has a wide variety of applications in different industries. The Chal lenge of modern machining industries is mainly focused on a chieving high quality, in term of part/component accuracy, s urface finish, high production rate and increase the product li fe with lesser environmental impact. It is necessary to change and improve existing technology and develop product with r easonably priced. So, it is necessary control the process para meter in any manufacturing process. The typical controllable machining parameters for the CNC lathe machines are speed , feed, depth of cut, tool geometry, cutting environment, tool material, work material, etc. which affect desired output like material removal rate, surface roughness, power consumptio n, tool wear, vibration etc. Optimization of machining param eters and also need to determine which parameters are most s ignificant for required output. One of the techniques widely u sed for optimization of machining parameters is Taguchi and ANOVA approach help to determine which parameters are most significant.
Quazi et al [2014]
study various techniques for the optimizat ion for that purpose literature review and industrial survey is conducted. The objective of this study was to utilize Taguchi methods to optimize surface roughness in turning mild steel, EN-8 and EN-31. The turning parameters evaluated are cutti ng speed of 200, 250, and 300 m/min, feed rate of 0.08, 0.12 and 0.15 mm/rev, depth of cut of 0.5 mm and tool grades of TN60, TP0500 and TT8020, each at three levels. The experi ment was designed and carried out on the basis of standard L 9 Taguchi orthogonal array. The results show that the Taguc hi method is suitable to solve the stated problem with minim um number of trials as compared with full factorial design.
Kumar et al [2013]
states that many manufacturing industri es involve machining operations. In metal cutting the turning process is one of the most fundamental cutting processes use d. Surface finish and dimensional tolerance, are used to deter mine and evaluate the quality of a product, and are major qua lity attributes of a turned product. In this paper experimental work has been carried out for the optimization of input para meters for the improvement of quality of the product of turni ng operation on CNC machine. Feed Rate, Spindle speed & d epth of cut are taken as the input parameters and the dimensi onal tolerances as output parameter. In the present work L9 Array has been used in design of experiment for optimization of input parameters. This paper attempts to introduce and th us verifies experimentally as to how the Taguchi parameter d esign could be used in identifying the significant processing parameters and optimizing the surface roughness in the turni ng operation. The present work shows that spindle speed is t he key factor for minimizing the dimensional variation for m inimizing the surface roughness.
Korat et al [2012]
outlines an experimental study to optimi ze the effects of cutting parameters on surface finish and MR R of EN24/AISI43 work material by employing Taguchi tech niques. The orthogonal array, signal to noise ratio and analysis of var iance were employed to study the performance characteristic s in turning operation. Five parameters were chosen as proce ss variables: Speed, Feed, Depth of cut, Nose radius, Cutting environment (wet and dry). The experimentation plan is desi gned using Taguchi's L18 Orthogonal Array (OA) and Minit ab 16 statistical software is used. Optimal cutting parameters for, minimum surface roughness (SR) and maximum materia l removal rate were obtained. Thus, it is possible to increase machine utilization and decrease production cost in an autom ated manufacturing environment
Methodology
The work piece material was Vanadium steel shown as in Fig  ure 3 .1. Vanadium steel is a high carbon Alloy steel which ac hieves a high degree of hardness with compressive strength a nd abrasion resistance. By its character this type of steel has high resisting nature against wear and can be used for compo nents which are subjected to severe abrasion, wear or high su rface loading. 
Statistics of the use of vanadium
The world consumption of vanadium is today (1999)some 3 4000tonnes per annum, of which 28000tonnes in the Wester n world.
The predominant application of vanadium is for alloying of steel and cast iron. It amounts to about 85 %of the total co nsumption, a share that appears rather stable over time. The remaining part goes to chemicals and to alloying of tita nium. World-wide about 65% of the vanadium for alloying of steel is used in micro alloyed structural steels, whereas th e remaining 35%is used in V-alloyed steels, such as high speed and tools steels, high temperature low alloy steel, etc. 
Experimental Plan
In this experiment, Taguchi OA Design L 9 was used to desig n the experimental plan. Cutting speed, feed rate and depth o f cut were varied in this experiment. 1  1  1  1  2  1  2  2  3  1  3  3  4  2  1  2  5  2  2  3  6  2  3  1  7  3  1  3  8  3  2  1  9  3  3  2 Experimental Orthogonal Array -L 9 OA (3) 3 forSurface Roughness (Ra) and Material Removal rate 
Result and Discussion
The main effects can be studied by the level average respons e analysis of raw data or of S/N data. The analysis is done by averaging the raw or S/N data at each level of each paramete r and plotting the values in graphical form. The level average responses from the raw data help in analyzing the trend of th e performance characteristics with respect to the variation of the factor under study. The level average response plots base d on the S/N data help in optimizing the objective function u nder consideration. The lower points of these plots correspon d to the optimum condition for average surface roughness.
Analysis of variance (ANOVA) is performed and signal-to-n oise (S/N) ratio will be determined to know the level of impo rtance of the machining parameters. To obtain the optimal m achining performance the higher the better quality characteri stics for Surface Roughness and MRR. As can be seen from Table ( above), the MRR is most significantly influenced by t he feed followed by the Depth of cut. The respective values o f these parameters are 1.71 and 2.11. S/N ratio are calculated and graph for analysis is drawn by using Minitab 16 software . The S/N ratio for MRR is calculated on Minitab 16 Softwar e using Taguchi Method.
The greater average S/N ratio corresponds to the max MRR. From the S/N response table 5.5, it is concluded that the opti mumparametric combination is Speed (140), Feed (0.15), an d depth of cut (0.2). In other words, it is this combination of parametersthat gives the max MRR for the machined materia l. 
Conclusions
Based on analysis of data and discussion of results, several i mportant conclusions are drawn during hard turning of Vana dium steel as under.
The percentage contribution of input parameters on Surface Roughness (Ra) is: Speed = 43.24%, Feed rate = 20.98% and DOC. =34.70%, signifying the cutting speed to be the most contributing factor influencing Surface Roughness.
The percentage contribution of input parameters on Material Removal Rate (MRR) is: Speed = 18.36%, Feed rate = 23.67% and DOC. =8.74%, signifying the feed rate to be the most contributing factor influencing surface roughness.
